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9DULHW\0DQDJHPHQWLQ0DQXIDFWXULQJ3URFHHGLQJVRIWKHWK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ
6\VWHPV
$Q,QWHJUDWHG$SSURDFKWR$VVHVV0DQXIDFWXULQJ*UHHQQHVV/HYHO
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7KLVSDSHUSURSRVHVDQLQWHJUDWHGDSSURDFKIRUUHODWLYHJUHHQQHVVOHYHODVVHVVPHQWLQVHOHFWHGPDQXIDFWXULQJLQGXVWULHVDWWKHV\VWHPOHYHO7KH
DSSURDFKEXLOGVRQH[LVWLQJPHWKRGRORJLHVWRGHYHORSDPXOWLOD\HUWRROER[FDOOHG³*UHHQRPHWHU´ZKLFKIRFXVRQWKHVWUDWHJLFFRPSDULVRQIRU
FURVV LQGXVWULHV HYDOXDWLRQ DV ZHOO DV WDFWLFDO FRPSDULVRQ IRU LQWUDLQGXVWULHV 7KH DVVHVVPHQW WRRO FDSWXUHV WKH IXQGDPHQWDO HYDOXDWLRQ
SDUDPHWHUVRIJUHHQPDQXIDFWXULQJQDPHO\(QYLURQPHQW(QHUJ\5HVRXUFHVDQG(FRQRP\,QDGGLWLRQWKH*UHHQRPHWHUHPSOR\VJHRPHWULF
PHDQPHWKRG*00IRUWKHVWUDWHJLFOD\HUDQGGDWDHQYHORSPHQWDQDO\VLV'($IRUWKHWDFWLFDOOD\HUDQGZLOOEHXVHGIRUGLIIHUHQWVHOHFWHG
PDQXIDFWXULQJGLVFLSOLQHV7KHSURSRVHG WRROZLOOKDYHDSUDFWLFDO LPSDFWRQ DVVHVVLQJGHYHORSLQJDQG LPSURYLQJHQYLURQPHQWDOSODQVDQG
SROLFLHVRIWKHVHOHFWHGLQGXVWULHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRI³7KHWK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ
6\VWHPV´LQWKHSHUVRQRIWKH&RQIHUHQFH&KDLU3URIHVVRU+RGD(O0DUDJK\
.H\ZRUGV*UHHQ0DQXIDFWXULQJ0XOWL/D\HU0RGHOLQJ'($
,QWURGXFWLRQ
1RZDGD\V LW LVPDQGDWRU\ IRU DOOPDQXIDFWXULQJV\VWHPV
WR WKLQN EH\RQG KRZ WR SURILW RQO\ IURP PDQXIDFWXULQJ
SURFHVVHV DQG SURGXFWV DV WKH\ KDYH WR ORRN IRUZDUG WR EH
VXVWDLQDEOHDVZHOODVHQYLURQPHQWDOIULHQGO\V\VWHPV
*UHHQPDQXIDFWXULQJDZDUHQHVVEHFDPHDQLPSRUWDQWJRDO
WRDOOSDUWLHVHQJDJHG LQDQ\PDQXIDFWXULQJDFWLYLW\DV LW KDV
VLJQLILFDQW LQIOXHQFHV RQ WKHLU VRFLDO UROHV EHVLGHV LWV
HFRQRPLF EHQHILWV 7KHUH DUH D ORW RI DWWHPSWV IRU JUHHQ
DVVHVVPHQWDWGLIIHUHQWPDQXIDFWXULQJOHYHOV6DUNDUHWDO>@
PHQWLRQHG WKDW1DWLRQDO ,QVWLWXWHRI6FLHQFHDQG7HFKQRORJ\
1,67 FDWHJRUL]HG WKH PDQXIDFWXULQJ OHYHOV LQWR GLIIHUHQW
PHDVXUHPHQW XQLWV QDPHO\ SURGXFW SURFHVV IDFLOLW\
FRUSRUDWLRQ VHFWRU FRXQWU\ DQG ZRUOG $OVR 'RUQIHOG >@
FODVVLILHG WKH JUHHQ PHDVXUHPHQW XQLWV LQWR PDFKLQH
RSHUDWLRQSURFHVVDQGV\VWHPOHYHOV
$VVHVVLQJ WKH JUHHQQHVV OHYHO DW DQ\ PHDVXUHPHQW XQLWV
KDV WR VWLFN WR VRPH FOHDU DVVHVVPHQW LQGLFHV $FFRUGLQJ WR
<DQJ HW DO >@ WKRVH LQGLFHV UHIHUUHG WR DV DVVHVVPHQW
DWWULEXWHVZHUHFDWHJRUL]HGLQWRIRXUPDLQDWWULEXWHVQDPHO\
HQYLURQPHQW HQHUJ\ UHVRXUFH DQG HFRQRPLF 2Q WKH RWKHU
KDQG &DUUHO HW DO >@ UHIHUUHG WR WKRVH SDUDPHWHUV DV
GLPHQVLRQV RI VXVWDLQDELOLW\ DQG VRUWHG WKHP DV IROORZV
HQYLURQPHQWDO VWHZDUGVKLS HFRQRPLF JURZWK VRFLDO ZHOO
EHLQJ WHFKQRORJLFDO DGYDQFHPHQW DQG SHUIRUPDQFH
PDQDJHPHQW
7KH JUHHQQHVV DVVHVVPHQW DSSURDFKHV LQFOXGH WKH ZRUN
PDGH E\ $]DGHK HW DO >@ DVVHVVHG WKH HQHUJ\ HIILFLHQF\
XVLQJ GDWD HQYHORSPHQW DQDO\VLV '($ DV DQ DVVHVVPHQW
WHFKQLTXH WR HQVXUH WKH XWLOL]DWLRQ RI HQHUJ\ DW LQWHQVLYH
PDQXIDFWXULQJ VHFWRUV ,Q DGGLWLRQ 'ULVFROO HW DO >@
GHYHORSHG DQ DVVHVVPHQW IUDPHZRUN WR RSWLPL]H HQHUJ\
SHUIRUPDQFHZLWKLQ D FRPSOH[PDQXIDFWXULQJ IDFLOLW\  /HDQ
PDQXIDFWXULQJ DSSURDFKHV ZHUH DOVR HPSOR\HG LQ JUHHQQHVV
DVVHVVPHQW $O)DQG\ >@ )XUWKHUPRUH +XDQJ HW DO >@
GHYHORSHG OLIH F\FOH HQYLURQPHQWDO SHUIRUPDQFH LQGH[
KRZHYHULWZDVOLPLWHGWRPDWHULDOVHOHFWLRQ$IX]]\PXOWLSOH
DWWULEXWH GHFLVLRQPDNLQJ PHWKRG WR DVVHVV WKH ULVN RI
LPSOHPHQWLQJJUHHQPDQXIDFWXULQJSURMHFWVZDVGHYHORSHGE\
+XL HW DO >@ ,Q DGGLWLRQ<DQJ HW DO >@ GHYHORSHG DQRQ
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XQLIRUP DVVHVVPHQW PHWKRG WR DVVHVV WKH JUHHQQHVV RI
SURGXFWVEDVHGRQ'($PRGHO0RUHRYHU5RPYDOOHWDO>@
GHYHORSHGDJUHHQSHUIRUPDQFHPDSWKDWZDVLQWHJUDWHGWRWKH
IUDPHZRUNRI,62
0DQ\ RI WKH JUHHQ DVVHVVPHQW PHWKRGRORJLHV XVH
IUDPHZRUNV FRPELQHG ZLWK OLIH F\FOH DVVHVVPHQW PHWKRG
/&$ )RU H[DPSOH 4LQJVRQJ HW DO >@ GHYHORSHG DQ
HYDOXDWLRQ LQGH[ V\VWHP IRU JUHHQ PDQXIDFWXULQJ EDVHG RQ
SUHVVXUHVWDWHUHVSRQVH 365PRGHO LQWHJUDWHG E\ OLIH F\FOH
DQDO\VLV WKHRU\)XUWKHUPRUH.DVVDKXQHWDO >@GHYHORSHG
D IUDPHZRUN IRU D VRIWZDUH WRRO  WR  HYDOXDWH  WKH
HQYLURQPHQWDO  FRPSDWLELOLW\  RI  SURGXFWV  DQG  WKH
DVVRFLDWHGPDQXIDFWXULQJSURFHVVHV
8QOLNH SUHYLRXV GHYHORSHG PHWULFV WKH SURSRVHG
*UHHQRPHWHU DLPV WR FRPSDUH JUHHQQHVV OHYHO EHWZHHQ
GLIIHUHQW LQGXVWULHV DFURVV LQGXVWU\ OD\HU DQG DOVR FRPSDUH
JUHHQQHVV OHYHO IRU WKH VSHFLILF VHOHFWHG LQGXVWU\ ZLWKLQ LWV
RZQFDWHJRU\LQWUDLQGXVWULHVOD\HU7KLVUHODWLYHDVVHVVPHQW
LV DFKLHYHG WKURXJK LQWHJUDWLQJ WZR GLIIHUHQW DVVHVVPHQW
WHFKQLTXHV *00 IRU WKH VWUDWHJLF FRPSDULVRQ DW DFURVV
LQGXVWULHV OD\HU DQG '($ IRU LQGHSWK WDFWLFDO FRPSDULVRQ
XVHG LQ WKH LQWUDLQGXVWULHV OD\HU 7KLV PXOWLVWDJH UHODWLYH
DSSURDFK ZLOO KHOS WKH SURSRVHG *UHHQRPHWHU WR EH
FRQVLGHUHG DV D JHQHULF DVVHVVPHQW WRROER[ IRU GLIIHUHQW
LQGXVWULDOV\VWHPV
*UHHQRPHWHU$QDO\WLFDO7HFKQLTXHV
,Q WKLV VHFWLRQ JHRPHWULF PHDQ PHWKRG *00 DQG GDWD
HQYHORSPHQWDQDO\VLV'($WHFKQLTXHVDUHLQWURGXFHGDVWKH\
ZLOO EH XVHG WR PHDVXUH DFURVV LQGXVWULHV OD\HU DQG LQWUD
LQGXVWULHV OD\HU UHVSHFWLYHO\ *HQHULF LQGLFDWRUV DUH
QRUPDOL]HGXVLQJ*00WHFKQLTXHWRJHWWKHUDQNHGDWWULEXWHV
DWFURVVLQGXVWULHVOD\HU6SHFLILFLQGLFDWRUVXVHGWRDVVHVVWKH
JUHHQQHVVZLWKLQDPDQXIDFWXULQJLQGXVWU\ZLOOHPSOR\'($
PHWKRGDWWKHLQWUDLQGXVWULHVOD\HU
*HRPHWULF0HDQ0HWKRG*00
*00 LV LQWURGXFHG DV DQ DJJUHJDWLRQ DSSURDFK RI
LQGLYLGXDOVWDNHKROGHUSUHIHUHQFHV7KLVDJJUHJDWLRQDSSURDFK
FRPHV LQ SDUWLFLSDWRU\ PXOWLSOH FULWHULD GHFLVLRQ PDNLQJ
0&'0 SURFHVV *00 LV DQ H[WHQGHG DQG LPSURYHG
WHFKQLTXH RI DQDO\WLFDO KLHUDUFK\ SURFHVV $+3
6XEVHTXHQWO\ WKH FULWHULD ZHLJKWV RI *00 DUH GHULYHG
WKURXJK WKH $+3 HLJHQYDOXH WHFKQLTXH ZKLFK LQYROYHV WKH
GHFLVLRQPDNHUV LQ SDLUZLVH FRPSDULVRQ RI ERWK DOWHUQDWLYHV
DQGFULWHULRQ
%DVHG RQ WKH ILQGLQJV E\ 1RUGVWU|P HW DO >@ WKH
JHRPHWULFPHDQRIWKHMXGJPHQWVRIDOOVWDNHKROGHUVIRUHDFK
HOHPHQW LQ WKHSDLUZLVH FRPSDULVRQPDWULFHV LV FDOFXODWHG LQ
HTXDWLRQDVIROORZV

൫ς ݉௜௝௧௞௧ୀଵ ൯׊݅ǡ ݆    

:KHUH݉௜௝௧ LV WKH HOHPHQW LQ WKH SDLUZLVH FRPSDULVRQ
PDWUL[ IRU VWDNHKROGHU W ZKHQ FULWHULRQ L L «T LV
FRPSDUHGZLWKFULWHULRQ M6LPLODUO\ WKHJHRPHWULFPHDQVRI
WKH MXGJPHQW RI DOO VWDNHKROGHUV DUH FDOFXODWHG IURP WKH
PDWULFHV ZKHUH DOWHUQDWLYHV DUH FRPSDUHG IRU HDFK FULWHULRQ
DVVKRZQLQHTXDWLRQ

ሺς ݉௦௩௧௜௞௧ୀଵ ሻ׊ݏǡ ݒ    

:KHUH݉௦௩௧௜ LV WKH HOHPHQW LQ WKH SDLUZLVH FRPSDULVRQ
PDWUL[ IRU VWDNHKROGHU WZKHQDOWHUQDWLYH V LVFRPSDUHGZLWK
DOWHUQDWLYHYIRUFULWHULRQL
7KLV ZLOO UHVXOW LQ RQH PDWUL[ DJJUHJDWHG SUHIHUHQFHV IRU
WKHFULWHULDDQGTPDWULFHVZLWKDJJUHJDWHGSUHIHUHQFHVIRUWKH
DOWHUQDWLYHVLQWHUPVRIHDFKFULWHULRQ:HLJKWVIRUFULWHULDDQG
DOWHUQDWLYHV DUH WKHQ GHWHUPLQHG IURP WKHVHPDWULFHV VKRZQ
LQILJXUH
,WVKRXOGEHQRWHGWKDW6DDW\>@	>@FULWLFL]HG*00
DV WKHUH LV QR FRQFHSWXDO MXVWLILFDWLRQ IRU ZRUNLQJ RQ D
ORJDULWKPLFVFDOH WKHFDOFXODWLRQLVPDGHZLWKDURZDQGWKH
LQGLUHFWHVWLPDWLRQVDUHQRWFRQVLGHUHG+RZHYHU ,VKL]DNDHW
DO >@ XVHG 0RQWH &DUOR VLPXODWLRQ WR SURYH WKDW WKH
JHRPHWULFPHDQVRIWKHFROXPQVDQGWKHJHRPHWULFPHDQVRI
WKHURZVDOZD\VJLYHWKHVDPHUDQNLQJVLQFH*00XVHVRQO\
WKH GLUHFW FRPSDULVRQV 5HVXOWV DOVR VKRZHG WKH *00 LV
RSWLPDO ZKHQ WKH MXGJH
V HUURUV DUH PXOWLSOLFDWLYH ZLWK D
ORJQRUPDOGLVWULEXWLRQ
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
)LJ*00SURFHVVVHTXHQFH
'DWD(QYHORSPHQW$QDO\VLV
'($DVDQH[WUHPHSRLQWPHWKRGFRPSDUHVHDFKGHFLVLRQ
PDNLQJ XQLW '08 ZLWK RQO\ WKH ³EHVW´ VXSSRVHG '08
&UDZIRUG HW DO >@ '($ GRHV QRW UHTXLUH SUHVFULELQJ WKH
IXQFWLRQDO IRUPV WKDW DUH QHHGHG LQ VWDWLVWLFDO UHJUHVVLRQ
DSSURDFKHV WR ¿QG HI¿FLHQF\ RI DOWHUQDWLYHV &KDUQHV HW DO
>@ VKRZHG WKDW IRU WKH JLYHQ PXOWL DWWULEXWHV GHFLVLRQ
PDNLQJ 0$'0 SUREOHP WKH DOWHUQDWLYHV $ $« $1
DIIHFWLQJ WKH VHOHFWLRQ RI DQ DOWHUQDWLYH DUH LGHQWLILHG
+RZHYHU WKHVH DWWULEXWHV DUH VHSDUDWHG LQWR WZR JURXSV 
RXWSXWV DWWULEXWHV RI KLJKHU YDOXHV UHSUHVHQWLQJ GHVLUDEOH RU
EHQHILFLDODWWULEXWHVDQGLQSXWVORZHUYDOXHVRIDWWULEXWHV
GHVLUDEOH RU QRQEHQHILFLDO DWWULEXWHV $IWHU EXLOGLQJ LQSXWV
DQG RXWSXWV PDWULFHV WKH EDVLF &KDUQHV&RRSHU5KRGHV
&&5 PRGHO LV XVHG WR ILQG WKH HIILFLHQF\ DQG WKH
FRPSDUDWLYHUHVXOWV
'($DSSURDFKLVZLGHO\XVHGLQDVVHVVLQJJUHHQQHVVOHYHO
DWGLIIHUHQWPDQXIDFWXULQJOD\HUV<RX>@$OVR'($RIIHUV
VRPH DGYDQWDJHV DV LW DJJUHJDWHV WKH DWWULEXWHV RI GLIIHUHQW
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OD\HUVRIPDQDJHPHQWWREHDVVHVVHG'($FDQDOVRDVVHVVWKH
LPSDFWVRISROLF\LQLWLDWLYHVRQSURGXFWLYLW\WKHQPHDVXUHWKH
FKDQJHRISURGXFWLYLW\RYHUWLPH
,Q WKH GHYHORSHG *UHHQRPHWHU '($ ZLOO EH XVHG DV DQ
DVVHVVPHQWDSSURDFKIRUWKHLQWUDLQGXVWULHVOD\HUDV LW LVWKH
PRVW FRQYHQLHQW PHWKRG IRU LGHQWLI\LQJ WKH UHODWLYH ZHLJKWV
RIPXOWLDWWULEXWHVLQGLIIHUHQWV\VWHPV)LJXUHLOOXVWUDWHVWKH
EDVLFPHFKDQLVPRI'($DSSURDFK






)LJ%DVLF'($0HFKDQLVP
7KH*UHHQRPHWHU6WUXFWXUH
7KH SURSRVHG *UHHQRPHWHU LV DQ DVVHVVPHQW WRRO ER[
GHVLJQHG WR HYDOXDWH WKH JUHHQQHVV OHYHO IRU DQ\
PDQXIDFWXULQJ V\VWHP DQG LV FRPSRVHG RI WZRPDLQ OD\HUV
7KH ILUVW OD\HU LV GHGLFDWHG WR HYDOXDWH WKH JHQHUDO
FRQVLGHUDWLRQV RI JUHHQQHVV EHWZHHQ GLIIHUHQW LQGXVWULDO
V\VWHPV 7KLV OD\HU DLPV DW DVVLVWLQJ DQG GLUHFWLQJ WKH WRS
PDQDJHPHQW WRZDUGV SRVLWLRQLQJ WKHLU LQGXVWU\ UHODWLYH WR
RWKHUV DV ZHOO DV VWUDWHJLF GHFLVLRQ FRQFHUQLQJ WKH UHTXLUHG
OHYHO RI JUHHQ WUDQVIRUPDWLRQ 7KLV FURVV LQGXVWULHV OD\HU
LQFOXGHV IRXU PDLQ JHQHUDO DWWULEXWHV ZKLFK DUH FRPSDUHG
ZLWK D UHIHUHQFH GDWXP V\VWHP *00 LV LQWURGXFHG LQ WKLV
OD\HUDVDQDVVHVVPHQWWHFKQLTXHWRHYDOXDWHWKHDFWXDOV\VWHP
ZLWK UHVSHFW WR WKH UHIHUHQFH YLUWXDO V\VWHP 7KH YLUWXDO
UHIHUHQFH KDV IL[HG SDLUZLVH DOWHUQDWLYHV :KHQ D V\VWHP LV
DVVHVVHGE\WKH*UHHQRPHWHUWKHILUVWRXWSXWUHVXOWZLOOEHWKH
UHODWLYH ZHLJKW EHWZHHQ WKH GDWXP YLUWXDO V\VWHP DQG WKH
V\VWHPXQGHUDVVHVVPHQW ,Q WKDWUHVSHFW WKHFURVV LQGXVWULHV
OD\HU SRVLWLRQV WKH JHQHUDO JUHHQQHVV OHYHO RI DQ\ LQGXVWULDO
V\VWHPUHODWLYHWRDJHQHULFEHQFKPDUN
7KH VHFRQG OD\HU FRQWDLQV WKH VSHFLILF DVVHVVPHQW PRGHO
WKDWFRPSDUHVWDFWLFDOO\LQWUDLQGXVWULHVJUHHQQHVVOHYHOWRRQH
DQRWKHU ,W KDV WKUHH GLIIHUHQW LQGXVWULDO FODVVHV KHDY\
LQGXVWULDO FODVV LQWHUPHGLDWH LQGXVWULDO FODVV DQG OLJKW
LQGXVWULDOFODVV7KHVHFODVVHVDUHFODVVLILHGEDVHGRQGLIIHUHQW
SDUDPHWHUV VXFK DV QXPEHU RI LQGLFDWRUV LQ HDFK DWWULEXWH
([DPSOHRIWKHVHFODVVHVLQFOXGHPHWDODQGPLQLQJLQGXVWULHV
DQG SHWUROHXP VHFWRUV DV KHDY\ LQGXVWULHV LQ WKH ILUVW FODVV
DXWRPRWLYH DQG WH[WLOH LQGXVWULHV LQ WKH VHFRQG FODVV DQG
HOHFWURQLFV DQG SODVWLF LQGXVWULHV LQ WKH WKLUG FODVV )LJXUH 
VKRZV WKH IUDPHZRUN RI WKH SURSRVHG*UHHQRPHWHU ZLWK LWV
WZR OD\HUVZKLOH ILJXUH IRFXVHVRQ WKH VHFRQG OD\HURI WKH
LQWUDLQGXVWU\UHODWLYHDVVHVVPHQW
&URVV,QGXVWULHV/D\HU
7KH ILUVW DVVHVVPHQW OD\HU FURVV LQGXVWULHV OD\HU &,/
ZLOO EH XVHG WR FRPSDUH GLIIHUHQW LQGXVWU\ LQ D JHQHULF
QRUPDOL]HGPDQQHU7KHFRPSDULVRQDWWKH&,/LVFDUULHGRXW
XVLQJ IRXURI WKHSUHYLRXVO\PHQWLRQHGPDLQDWWULEXWHVHDFK
DWWULEXWHLQFOXGHVPRVWJHQHULFHQYLURQPHQWDOLQGLFDWRUV7KH
DLP RI WKLV OD\HU LV WR ILQG D ILQDO UHODWLYH DVVHVVPHQW ZLWK
UHVSHFW WR D GDWXP YLUWXDO V\VWHP DV D EHQFKPDUN ZLWK WKH
RSWLPDO VFRUHV LQ HDFK LQGLFDWRU 7KHVH VFRUHV ZLOO EH
FDOFXODWHG ZLWK UHVSHFW WR WKH EHVW LQGLFDWRU FRQGLWLRQV DQG
WKHQ WKH LQGLFDWRUVRI WKHDVVHVVHGV\VWHPVZLOOEHFRPSDUHG
ZLWKUHJDUGVWRWKHLQGLFDWRUVRIWKHGDWXPYLUWXDOV\VWHP7KH
RSWLPDO YDOXHV RI WKH LQGLFDWRUV LQ WKH GDWXP V\VWHP DUH
GHULYHG IURPGLIIHUHQW VRXUFHV LQFOXGLQJ ,62 IDPLOLHV
RI HQYLURQPHQWDO PDQDJHPHQW V\VWHP (068QLWHG 6WDWHV
HQYLURQPHQWDO SURWHFWLRQ DJHQF\ 86 (3$ DQG RWKHU
GLIIHUHQW LQWHUQDWLRQDOHQYLURQPHQWDO VWDQGDUGV WRHQVXUH WKH
KLJKDFFXUDF\RIWKHVHYDOXHV
8VLQJ *00 UDQNLQJ PHWKRG WKH PDLQ IRXU DWWULEXWHV
HQYLURQPHQW UHVRXUFHV HQHUJ\ DQG HFRQRP\ IRU ERWK WKH
FRQVLGHUHG V\VWHP DQG WKH GDWXP YLUWXDO V\VWHP DUH
DJJUHJDWHG WR JHW D ILQDO UDQNLQJ ZHLJKWV IRU HDFK V\VWHP
UHODWLYH WR WKH RWKHU RQH 0XOWLSOH V\VWHPV FRXOG DOVR EH
LQWURGXFHG WR WKLV WRRO ER[ WR EH UHODWLYHO\ FRPSDUHG ZLWK
HDFK RWKHU 7KH PDLQ JRDO RI WKH ILUVW OD\HU LV WR ILQG WKH
UHODWLYH ZHLJKWV RI ERWK DVVHVVHG DQG GDWXP V\VWHPV ZKLFK
DUHWKHGHFLVLRQDOWHUQDWLYHVRIWKHPRGHOZKLOHDWWULEXWHVDQG
LQGLFDWRUV UHSUHVHQW WKH FULWHULRQ DQG VXEFULWHULRQ
UHVSHFWLYHO\RIWKH*00PRGHODVVKRZQLQILJXUH
7KH SURSRVHG *UHHQRPHWHU DGRSWV WKH JHQHUDO DWWULEXWHV
DQG LQGLFDWRUV SUHVHQWHG E\ 4LQJVRQJ HW DO >@ LQ ZKLFK
WKH\ FROOHFWHG  JHQHUDO LQGLFDWRUV RQ SUHVVXUHVWDWH
UHVSRQVH DVVHVVPHQW PHFKDQLVP LQFOXGLQJ  LQGLFDWRUV IRU
HQYLURQPHQW DWWULEXWHV  LQGLFDWRUV RI HQHUJ\ DWWULEXWHV 
LQGLFDWRUV RI UHVRXUFH DWWULEXWHV DQG ILQDOO\  LQGLFDWRUV RI
HFRQRPLFDWWULEXWH+RZHYHUVRPHRIWKHVHJHQHULFLQGLFDWRUV
DUH DGDSWHG WR EHWWHU ILW WKH JHQHULF REMHFWLYH RI WKH
*UHHQRPHWHU LQGLFDWRUV 7KHVH LQGLFDWRUV KDYH WR EH
FRPSDUDEOH DQG PHDVXUDEOH WR KHOS LQ GULYLQJ WKH VWUDWHJLF
GHFLVLRQV DQG SODQV 7DEOH  VKRZV WKH PRVW JHQHULF
LQGLFDWRUV XVHG LQ HDFK DWWULEXWH ,W LV LPSRUWDQW WR QRWH WKDW
VLQFH WKHVH LQGLFDWRUV GLUHFWO\ LQIOXHQFH WKHLU DWWULEXWHV¶
ZHLJKWV WKH DJJUHJDWLRQ SURFHVV RI WKHVH LQGLFDWRUV LV YHU\
LPSRUWDQWLQRUGHUWRFRPHXSZLWKWKHDFFXUDWHZHLJKWV
7DEOH7KHPRVWJHQHULFLQGLFDWRUVRIWKHILUVWOD\HU
$WWULEXWH ,QGLFDWRUV
 (QYLURQPHQW VROLGZDVWHZDWHUZDVWHDLUTXDOLW\ZDWHU
TXDOLW\GLVSRVDOUDWHJUHHQKRXVHJDV*+*
LQGXVWULDOHPLVVLRQV«HWF
 5HVRXUFH PDWHULDOVFUDSUDWHXWLOL]DWLRQRIUDZPDWHULDO
QDWXUDOUHVRXUFHVFRQVXPSWLRQUHVRXUFHV
SURGXFWLYLW\WKH5(¶VUDWHV5HXVH5HGXFH
5HSDLU5HF\FOH5HFRYHU5HPDQXIDFWXUHHWF
 (QHUJ\ IXHOSURGXFWLYLW\HOHFWULFLW\HIILFLHQF\HQHUJ\
XWLOL]DWLRQUDWHVRODUHQHUJ\XVDJHHWF
 (FRQRP\ UHWXUQRQHQYLURQPHQWDOLQYHVWPHQW
HQYLURQPHQWDOSHQDOWLHVFRVWUDWHHQYLURQPHQWDO
WD[DWLRQUDWHHQYLURQPHQWDOH[SHQVHV«HWF
,QWUD,QGXVWULHV/D\HU
7KHLQWUDLQGXVWULHVOD\HU,,/LQWKHSURSRVHG*UHHQRPHWHU
XVHV WKH '($ DSSURDFK WR FRPSDUH WKH FRQVLGHUHG VSHFLILF
LQGXVWU\ ZLWK UHVSHFW WR WKH LGHDO UHIHUHQFH LQGXVWU\ LQ WKH
ILHOG)LJXUHUHSUHVHQWVKRZWKH*UHHQRPHWHUXVHVWKH'($
DSSURDFKDVDQDVVHVVPHQWDSSURDFKLQWKHVHFRQGOD\HU
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)LJ*000RGHO6WUXFWXUH
)LJ*UHHQRPHWHUIUDPHZRUNDQGFRPSRQHQWV
)LJ,QWUD,QGXVWULHV/D\HUIUDPHZRUN
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)LJ6HFRQGOD\HUDVVHVVPHQWIORZGLDJUDP

6LQFH WKH DWWULEXWHV RI WKH VHFRQG OD\HU FRQVLVW RI PDQ\
LQGLFDWRUV WKH '08 PDWUL[ RI WKH PXOWLSOH LQSXWV DQG
PXOWLSOHRXWSXWVKDV WREHFRQVWUXFWHGIRUHDFKDWWULEXWH)RU
WKLVSXUSRVH WKH&&5PRGHOPHQWLRQHGHDUOLHU LVDGRSWHG WR
GHYHORS WKLV PDWUL[ XVLQJ OLQHDU SURJUDPPLQJ 6DUNLV HW DO
>@	&RRSHUHWDO>@,IPLQSXWLWHPVRILQGLFDWRUVDQGV
RXWSXWLWHPVRILQGLFDWRUVDUHVHOHFWHGIRUHDFKDWWULEXWHWKHQ
OHW WKH LQSXWV DQG RXWSXWV GDWD IRU HDFK DWWULEXWH '08M EH
[M[M[M«[PMDQG\M\M\M«\VMUHVSHFWLYHO\6R
WKHPDWUL[RIWKHLQSXWVDQGRXWSXWVFDQEHDUUDQJHGDVVKRZQ
LQHTXDWLRQVDQG
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
,Q RUGHU WR GHWHUPLQH WKH ZHLJKWV OLQHDU SURJUDPPLQJ LV
XVHG WR PD[LPL]H WKH UDWLR RI RXWSXWV WR LQSXWV /HW WKH
ZHLJKWV RI WKH LQSXWV DQG RXWSXWV EH 9L DQG8U UHVSHFWLYHO\
7KXV WKH REMHFWLYH IXQFWLRQ RI WKH OLQHDU SURJUDP LV WR
PD[LPL]H፽ǡͷǦͳͲǤ
UU98 <<0D[/3 PPT    


   PP ;9;9
RVXEMHFWHGW  
PMPMMMUMUMMM ;9;9<< d   PP 

VU8 U   t 
PL9L   t  
'DQG&%$M   
:KHUH$ (QYLURQPHQWDODWWULEXWH
% 5HVRXUFHDWWULEXWH
& (QHUJ\DWWULEXWH
' (FRQRPLFDWWULEXWH

7KH RXWSXW RI WKLV OD\HU LV D FRPSDUDWLYHZHLJKW RI HDFK
DWWULEXWHRI WKHDVVHVVHGV\VWHPZLWKUHVSHFW WR WKHDWWULEXWHV
RIWKHWHFKQLFDOUHIHUHQFHV\VWHPLQHDFKLQGXVWULDOFODVV
6XPPDU\
7KLV SDSHU SUHVHQWHG D PXOWLOD\HU WRRO ER[ FDOOHG
³*UHHQRPHWHU´ WR DVVLVW PDQXIDFWXUHUV LQ HYDOXDWLQJ WKH
FXUUHQW VWDWH JUHHQQHVV OHYHO 7KH*UHHQRPHWHU SURYLGHV WKH
GHFLVLRQ PDNHUV ZLWK WZR GLIIHUHQW HQYLURQPHQWDO
SHUIRUPDQFH LQGLFDWRUV RQH GHDOV ZLWK JHQHUDO UHODWLYH
FRPSDULVRQ WKDW KHOSV LQ VWUDWHJLF SRVLWLRQLQJ DQG GHFLVLRQV
ZKLOH WKHRWKHU WDNHV WKHFRPSDULVRQ LQWRPRUHGHWDLOVDW WKH
VDPH LQWUDLQGXVWU\ OHYHO WKDW KHOSV LQ WDFWLFDO GHFLVLRQV IRU
JUHHQQHVVWUDQVIRUPDWLRQDQGEHQFKPDUNLQJ
7KH DGYDQWDJH RI WKH SURSRVHG *UHHQRPHWHU LV WKDW LW
RIIHUV D KROLVWLF FRPSDUDWLYH DVVHVVPHQW DV ZHOO DV LW
TXDQWLILHV WKLV DVVHVVPHQW WKURXJK PDWKHPDWLFDO DQDO\VLV
XVLQJ*00DQG'($WHFKQLTXHV
7KHRXWSXWRIWKHSURVSHUHGJUHHQPDQXIDFWXULQJSODQQHUV
DQGSUDFWLWLRQHUV LQ DVVHVVLQJ WKHFXUUHQW JUHHQ OHYHO RI WKHLU
LQGXVWU\ IROORZ WKH EHVW SUDFWLFHV RI RWKHU UHODWLYH V\VWHPV
FDSWXUHG E\ WKH*UHHQRPHWHU DVVHVVPHQW SURFHVV DQG ILQDOO\
DFW DV D SHUIRUPDQFH PHWULF DORQJ WKH JUHHQ WUDQVIRUPDWLRQ
MRXUQH\WKDWPDQ\LQGXVWULHVDUHHPEDUNLQJRQFXUUHQWO\
)XWXUH ZRUN ZLOO LQFOXGH PXOWLSOH DSSOLFDWLRQ RI WKH
*UHHQRPHWHUWRYDULRXVLQGXVWULHVWREHWWHUGHYHORSWKHWRRODV
ZHOODVWRPRGLI\WKHFRQVLGHUHGDWWULEXWHV
5HIHUHQFHV
>@6DUNDU3-RXQJ&&DUUHO-)HQJ66XVWDLQDEOHPDQXIDFWXULQJLQGLFDWRU
UHSRVLWRU\ 3URFHHGLQJV RI WKH $60(  ,QWHUQDWLRQDO 'HVLJQ
(QJLQHHULQJ 7HFKQLFDO &RQIHUHQFH 	 &RPSXWHU DQG ,QIRUPDWLRQ LQ
(QJLQHHULQJ&RQIHUHQFH
>@'RUQIHOG'*UHHQLVVXHVLQPDQXIDFWXULQJ*UHHQLQJ3URFHVVHV6\VWHPV
DQG3URGXFWV/0$6
>@<DQJ</X**XR;<DPDPRWR5*UHHQQHVV$VVHVVPHQWRI3URGXFWV
LQ 3/&$E\ '($ $SSURDFK 0DWHULDOV 7UDQVDFWLRQV 9RO  1R 

>@ &DUUHO - -RXQJ & 6DUNDU 3 )HQJ 6 &DWHJRUL]DWLRQ RI LQGLFDWRUV IRU
VXVWDLQDEOHPDQXIDFWXULQJ(FRORJLFDO,QGLFDWRUV
>@ $]DGHK $ $PDOQLFN0 *KDGHUL 6 $VDG]DGHK 6 $Q LQWHJUDWHG '($
3&$QXPHULFDOWD[RQRP\DSSURDFKIRUHQHUJ\HI¿FLHQF\DVVHVVPHQWDQG
FRQVXPSWLRQ RSWLPL]DWLRQ LQ HQHUJ\ LQWHQVLYH PDQXIDFWXULQJ VHFWRUV
(QHUJ\3ROLF\
>@'ULVFROO(&XVDFN'7KHGHYHORSPHQWRIHQHUJ\SHUIRUPDQFHLQGLFDWRUV
ZLWKLQ D FRPSOH[ PDQXIDFWXULQJ IDFLOLW\ ,QW - $GY 0DQXI 7HFKQRO
±
>@$O)DQGL/$1RYHO$SSURDFKXVLQJ/($1DQGVLPXODWLRQPRGHOLQJIRU
HIIHFWLYHJUHHQWUDQVIRUPDWLRQIRU+LJK(QGVHUYHUPDQXIDFWXULQJ3K'
GLVVHUWDWLRQ LQ LQGXVWULDO DQG V\VWHP HQJLQHHULQJ 6WDWH 8QLYHUVLW\ RI
1HZ<RUN
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>@  +XDQJ + /LX = =KDQJ / 6XWKHUODQG - ³0DWHULDOV 6HOHFWLRQ IRU
(QYLURQPHQWDOO\  &RQVFLRXV  'HVLJQ  YLD  D  3URSRVHG   /LIH  &\FOH
(QYLURQPHQWDO3HUIRUPDQFH,QGH[´,QWHUQDWLRQDO-RXUQDORI$GYDQFHG
0DQXIDFWXULQJ7HFKQRORJ\9ROSS
>@ +XL.6SHGGLQJ7%DLQEULGJH,7DSOLQ' ³&UHDWLQJ$*UHHQ6XSSO\
&KDLQ$ 6LPXODWLRQ DQG0RGHOLQJ$SSURDFK´ LQ 6DUNLV - *UHHQLQJ
WKHVXSSO\FKDLQVWHG/RQGRQSS6SULQJHU
>@5RPYDOO..XUGYH0%HOOJUDQ0:LFWRUVVRQ-*UHHQ3HUIRUPDQFH
0DS±$Q ,QGXVWULDO 7RRO IRU(QKDQFLQJ (QYLURQPHQWDO ,PSURYHPHQWV
ZLWKLQ D 3URGXFWLRQ 6\VWHP *ORFDOL]HG 6ROXWLRQV IRU 6XVWDLQDELOLW\ LQ
0DQXIDFWXULQJ 3URFHHGLQJV RI WKH WK&,53 ,QWHUQDWLRQDO&RQIHUHQFH
RQ /LIH &\FOH (QJLQHHULQJ 7HFKQLVFKH 8QLYHUVLWlW %UDXQVFKZHLJ
%UDXQVFKZHLJ*HUPDQ\0D\QGWK
>@4LQJVRQJ:;XHOLDQJ<'D\RQJ&&KXQ\XDQ0.DL=5HVHDUFKRQ
(YDOXDWLRQ,QGH[6\VWHPIRU*UHHQ0DQXIDFWXULQJ%DVHGRQ3650RGHO
DQG/LIH&\FOH$SSOLHG0HFKDQLFVDQG0DWHULDOV9ROV
>@ .DVVDKXQ % 6DPLQDWKDQ 0 6HNXWRZVNL - ³*UHHQ 'HVLJQ 7RRO´
3URFHHGLQJV RI WKH    ,(((  ,QWHUQDWLRQDO  6\PSRVLXP  RQ
(OHFWURQLFVDQGWKH(QYLURQPHQW2UODQGR)/SS
>@ 1RUGVWU|P ( gKPDQ . (ULNVVRQ / $SSURDFKHV IRU $JJUHJDWLQJ
3UHIHUHQFHV LQ 3DUWLFLSDWRU\ )RUHVW 3ODQQLQJ  $Q ([SHULPHQWDO 6WXG\
7KHRSHQIRUHVWVFLHQFHMRXUQDO
>@6DDW\7K/9DUJDV/*D,QFRQVLVWHQF\DQG5DQN3UHVHUYDWLRQ
-RXUQDORI0DWKHPDWLFDO3V\FKRORJ\
>@ 6DDW\ 7K / 9DUJDV /* E  &RPSDULVRQ  RI  (LJHQYDOXH
/RJDULWKPLF  /HDVW 6TXDUHV DQG /HDVW 6TXDUHV 0HWKRGV LQ (VWLPDWLQJ
5DWLRV0DWKHPDWLFDO0RGHOOLQJ
>@,VKL]DND$/XVWL0+RZWRGHULYHSULRULWLHVLQ$+3$&RPSDUDWLYH
6WXG\
>@&UDZIRUG*%:LOOLDPV&$QRWHRQWKHDQDO\VLVRIVXEMHFWLYH
MXGJPHQW PDWULFHV 7KH JHRPHWULF PHDQ SURFHGXUH IRU HVWLPDWLQJ WKH
VFDOHRIDMXGJPHQW
>@&KDUQHV&&RRSHU::5KRGHV(0HDVXULQJ WKHHI¿FLHQF\RI
GHFLVLRQPDNLQJXQLWV(XU-2SHU5HV±
>@ <28 6 'HYHORSPHQW RI D JUHHQ LQGH[ IRU WKH WH[WLOH LQGXVWU\ $Q
$SSOLFDWLRQLQ&KLQD-XQH
>@6DUNLV -&RPSDUDWLYH  DQDO\VLV  RI '($ DV  D GLVFUHWH  DOWHUQDWLYH
PXOWLSOHFULWHULDGHFLVLRQWRRO(XU-2SHU5HV±
>@ &RRSHU : 6HLIRUG / 7RQH . 'DWD HQYHORSPHQW DQDO\VLV .OXZHU
$FDGHPLF/RQGRQ

